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3 (54) Title: COUPLING DEVICE AND TRANSMISSION SYSTEM INCLUDING THE COUPLING DEVICE 




(57) Abstract: A coupling device for coupling 
rotatable bodies together that includes firet 
and second rotatable bodies (1, 3 or 1. 5), 
a ptoiality of coupling members (19, 21, 
28, 30) for selectively coupling the first 
and second rotatable bodies together to 
transfer drive between the rotatable bodies, 
and electro-magnetic actuator means (26) 
for controlling engagemeiil of the coupling 
members. The invention also relates to a 
iransnussion system including the coupling 
device. The transmission system includes first 
and second drive shafts (1,7), first and second 
gear sets (15. 17) mounted on the shafts for 
transferring drive between the shafts, each gear 
set including a first gear wheel (3, 5) mounted 
on the first shaft (1) for rotation relative to 
the first shaft said first gear wheel having a 
plurality of drive formations (19, 21), and a 
second, gear (9, 11) mounted on the second 
shaft (7) for rotation with the second shaft, 
selector means (13) for selectively tnnsfening 
drive between the first shaft and eidier the 
first or second gear set including a plurality 
of engagement members (28, 30) for engaging 
the drive formations (19, 21), and electro 
-magnetic actuator means (26) for controlling 
engagement of the engagement members and 
the drive formations. 
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Coupling device and transmission system including the coupling device 

The preseat invention relates to an electromagnetically operable coupling device for coupling • 
rotatable bodies and a transmission system including such a coupling device. 

In machines where there are first and second rotatable bodies that can be selectively 
disconnected or connected together to transfer drive between them, actuation of the coupling 
device is typically achieved using a mechanical switching arrangement for example using a 
series of interconnected levers and shafts or use of a hydraulic system. For example, a 
conventional manual dog transmission sj'Stem as typically used in motor spoil may use a gear 
lever to select a new gear. The gear lever is connected to a shaft that in turn is connected to a 
fork. The fork moves a dog ring into and out of engagement with gear wheels mounted on a 
shaft to select between gear ratios. Alternatively, the system may include a hydraulic circuit 
for actuating the fork or an elecfa-o-m^hanical system that uses electric motors to move ttie 
fork in response to a gear selection made by opiating an electrical switch. 

A mechanical actuator arrangement is used in the instantaneous transmission system 
described in PCT/GB2004/001976. In that system, a gear lever is connected to a shaft and two 
forks are mounted on the shaft. The forics are arranged to actuate a pair of disc springs to 
operate two eogagemeat bar sets to selectively ragage two gear wheds. 

The present invention seeks to provide a coupling device for coupUng rotatable bodies 
together that includes an alternative actuator arrangement to existing arrangements, and a 
transmission system including the coupling device, and in particular a coupling system that 
can be electronically cont-olled. 

According to a first aspect of the invention there is provided a coupling device including first 
and second rotatable bodies, a plurality of coupling members for selectively coupling the first 
and second rotatable bodies togethw to transfo- drive between the rotatable bodies, and 
electro-magnetic actuator means for controlling engag^eaat of the coupling members. 
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Advantageously the invention can be used in conjunction with the transmission systeoas 
desciibed in PCT/GB2004/001976, PCT/GB2004/002946, PCT/GB2004/003021, 
PCT/GB2004/002955, PCT/GB2004/003794 (he contents of which are hereby incorporated 
by referaice, or in a conventional dog transmission system. Furfhermore, the invatition can be 
used to couple first and second rotaiable bodies together in any suitable machine. .For 
example, flie invraition can be used in mining equipment, marine equipmrait, tihe oil and gas 
industries, aerospace applications, manufectuiing equipmrait, pumps, and in any vehicle 
having a transmission system. 

The coupling device can be fiilly integrated into a fully automatic or semi-automatic 
electronic control system. For example, a fully automatic system could be arranged to make a 
gear change without the intervaation of the driver when some predetermined conditions 
occur. A semi-automatic system could use an electronic control system to activate the actuator 
in response to a driver selecting a new gear via a switch or mechanical input device. 

Advantageously the electro-magnetic actuator means includes at least one magnetic field 
geaerator for producing a controllable magnetic field and at least one magnetic element 
Preferably the electro-magnetic actuator means includes a pliu'ality of magnetic field 
generators for producing a plurality of controllable magnetic fields and the electro-magnetic 
actuator means includes a plurality magnetic elements. For example, the or each magnetic 
field generator may comprise at least one coil of electrically conducting materially that is 
electrically connected to a circuit arranged to energise fhe or each coil. The or each magnetic 
element may comprise at least one permanent magnet, the arrangement being such that, in 
use, the or each magnetic field gaierated by fhe magnetic element(s) interacts with the or each 
controllable magnetic field to control engagement of the coupling members. The or each 
magnetic element may alternatively be arranged to have a variable magnetic field. 

Preferably the electro-magaetic actuator means includes an electrical control circuit having at 
least one capacitor arranged to energise the or each magnetic field genarator. 

Advantageously fhe electro-magnetic actuator means can be arranged to move at least one of 
fhe coupling members axially into engagement with at least one ofha- coupling member. 
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The coupling members may include at least one drive foimation associated with each of the 
rotatable bodies. For example, the coupling members can. include a plurality of drive 
fonnations with at least one drive fonnation being associated, with each rotatable body. At 
least one of the rotatable bodies can be moved axially towards the other rotatable body by the 
electro-magnetic actuator means so that the drive formations can selectively engage each 
otiher thereby coupling the rotatable bodies together to transmit drive there between. 
Preferably the coupUng members include a plurality of engagement members wherein the 
electro-magnetic actuator means is arranged to control the movement of tlie engagement 
members to selectively engage at least one drive fonnation associated wiflh each rotatable 
body to couple the rotatable bodies together. 

The coupling members may include at. least one drive formation associated with one of the 
rotatable bodies and at least one engagement member associated with the other rotatable body 
whereio &e electro-magnetic actuator means is arranged to control the movement of the or 
each engagement member to selectively engage the or each drive formation to couple the 
retatable bodies together. Preferably one of the rotatable bodies is a shaft and the or each 
engagement member is mounted on the shaft for rotation tharewith. 

The coupling membea-s may include first and second sets of engagement members that are 
moveable into and out of engagement with at least one of the rotatable bodies independently 
of each other. The electro-magnetic actuator means may include first and second magnetic 
field genaators, wherein each magnetic field generator is arranged to control movement of 
one of the sets of engagement members. 

Advantageously the coupling device may include means for maintaining the or each. 
Migagement member in at least one predetmnined position. Preferably the means for 
maintaining the or each engagement membo' in at least one predetermined position includes 
at least one mechanical device, sudh as a detent Advantageously the means for maintaining 
the or eadi engagement member in at least one predetermined position can be arranged to 
maintain the or each engagement member in at least one of a ne\itral position, in engagement 
with the first rotatable body, or in engagement with the second rotatable body. 
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According to another aspect of the invention there is provided a transmission system 
including first and second drive shafts, first and second gear sets mounted on the shafts for 
transfeiTing drive between the shafts, each gear set including a first gear wheel mounted on 
£he first shaft for rotation relative to flie fibrst shaft said first gear wheel having a plurality of 
drive formations, and a second gear mounted on the second shaft for rotation with the second 
shaft, selector means for selectively transferring drive between fiie first shaft and eitha the 
first or second gear set including a plurality of engagement members for engaging the drive 
fonnations, and electro-magnetic actuator means for controlling engagement of the 
engagement members and the drive formations. 

Advantageously the electro-magnetic actuator means includes at least one magnetic field 
• generator for producing a controllable magnetic field and at least one magnetic element. 

■Preferably the electro-magnetic actuator means indudes a plurality of magnetic field' 
generators for producing a plui-ality of controllable magnetic fields and the eleetro-magnetic 
actuator means includes a plurality of magnetic elements. For example, the or each magnetic 
field generator may comprise at least one coil of electrically conducting materially that is 
electrically connected to a circuit arranged to energise the or each coil. The or each magnetic 
element may comprise at least one permanent magnet, the arrangement being such that, in 
use, the or isach magnetic field emitted by the' magnetic elOTient(s) interacts with the or each 
controllable magnetic field to control engagement of the engagement manbers and the drive 
fonnations. 

Advantageously the electro-magnetic actuator means may include an. electrical control circuit 
having at least one capacitor arranged to energise the or each magnetic field generator. 

Advantageously the electro-magnetic actuator means can be arranged to move at least one of 
the coupling members axially into engagement with at least one other coupling member. 

Advantageously ttie transmission system may include means for maintaining the or each 
engagement member in at least one predetermined position. Preferably the means for 
maintaining tiie or each engagement membK- in at least one predetoinined position includes 
•at least one mechanical device, such as a detent Preferably the means for maintaining the or 
each engagement memba: in at least one predetemnined position is arranged to maintain fee or 
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each engagement member in at least one of a neutral position, in engagement with at least one 
of the first gear wheels. 

Preferably the selector means includes first and second sets of engaganent members that are 
moveable into and out of engagement with the fii-st gear wheels independently of each oflier, 
5 said selector means being arranged such that when a driving force is transmitted, one of the 
first and second sets of engageinent members drivingly engages the engaged gear wheel, and 
the other set of engagement manbers is fhen in an unloaded condition. The electro-magnetic 
actuator means can be arranged to move the tmJoaded set of «igagement members into 
driving engagement with the unengaged gear, wheel to effect a gear change. The selector 

• iO means can be arranged such that when a braking force is transmitted the first set of 
engagement members drivingly aigages the engaged gear wheel, and the second set of 

■ • ' ■ ■ engagement members is in an unloaded condition, and when a driving force is transmitted the'- 
■ ■ second set of engagement memborS'drivingly engages the engaged gear wheel, and the second 
set of engagement members is then in an unloaded condition. 

15 The electi-o-magnetic actuator means can be arranged to control movement of the first and 
second sets of engagement members substantially independently. For example, each set of 
engagement members includes at least one magnetic element and tiie electro-magnetic 
actuator means includes first and second magnetic field generators that are each arranged to 
control movement of one of the sets of engagement members. 

20 Preferably the electro-magnetic actuator means is arranged to bias the loaded set of 
engagemM.t members towards the vmaigaged gear wheel without disengaging the loaded set 
of engagement members from the engaged gear wheel. 

Preferably the first and second sets of engagement members are arranged to rotate, in use, 
with the first shaft. The selector means is airanged such that the first and second sets of 
25. engagement manbers can move axially relative to each oflier along the first shaft. The first 
and second sets of engagement members are axially aligned when both sets engage the first 
gearwheds. 
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An ranbodiinent of the present invention will now be described, by way of example only, with 
reference to the accompanying drawings in which like references indicate equivalent features, 
wherein: 

Figure 1 is a sectional general arrangement of part of a transmission system in 
accordance with a first embodiment of the invention; 

Figure 2 is a perspective view of a selector assembly including elecfro-magnetic 
means for generating a magnetic field - the electro-magnetic means are partially cut 
away for clarity; 

Figure 3 shows the an-angement of a gioup of dogs on a gear wheel (gear wheel teeth 
omitted for clarity); 

Figure 4 is a perspective view of an engagement bar; 

Figure 4a is a drcuit diagram for energising the electroraagnetic means; 

Figures 5a-d illustrate diagrammatically the arrangement and operation of a detent 
used to maintain the engagemoit bars in predetramined positions; 

Figures 6a-f illustrate diagrammatically operation of the selector asswnbly; 

Figure 7 shows a second embodiment of the invention; and 

Figure 8 shows a third embodiment of the invention. 

Figure 1 shows a transmission system that includes a coupling device that is actuated by 
electromagnetic actuator means in accordance with an embodiment of the invention. The 
transmission system comprises an output shaft 1 having first and second gear wheels 3,5 
mounted fliereon, an input shaft 7 having third and fourlii gear wheels 9,1 1 mounted thereon 
and a selector assembly 13. The first and second gear wheels 3,5 are rotatably mounted on the 
output shaft 1 and the third and fourth gear wheels 9,1 1 are fixedly mounted on the input shaft 
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7. The first and second gear wheels 3,5 mesh with third and fiaurth gear wheels 9,11 
respectively to form first and second gear wheel pairs 15, 17. 

Rotational drive may be transferred froni input shaft 7 to the output shaft 1 via eifho- the first 
or second gear wheel pairs 15,17, with selection of the operative gear wheel pair being 
determined by the position of fee selector assembly. 13. The selector assembly 13 engages 
first and second groups of drive formations 19,21 located on the first and second gear wheels 
3,5 respectively. The drive fiaimations each comprise a group of dogs. 

The first dog group 19 is located on one side of the first gear wheel 3. This is shown in Figure 
3 wherein the gear teeth of the gear wheel have been omitted for clarity.. The dogs are 
preferably formed integrally with the first gear wheel, but this is not essential. The first dog 
group 19 comprises three dogs evenly distributed about the gear face, i.e. the angle srubtended 
between the centres of a pair of dogs is approximately 120°. The sides 19a of the dogs are 
planai- and may be fonned with a retention angle. The second dog group 21 comprises three 
dogs and is similaiiy arranged to the first gear wheel on one side of the second gear wheel 5. 
This is shown in Figure 3. Three dogs are used because the spaces between the dogs this" 
airangement provide large engagement windows to receive the selector assembly 13. Large 
engagement windows provide greater opportunities for the selector assembly to fiilly engage 
the gear wheels 3,5 before transmitting drive thereto or being driven therefi-om. If the selector 
assembly 13 drives a gear wheel when only partially engaged it can lead to damiage of the 
dogs and / or the selector assembly 13. 

The first and second gear wheels 3,5 are mounted spaced apart on the output shaft 1 on roller 
bearings 23,25 and are arranged such fliat the sides including the first and second dog groups 
19,21 fece each other. 

The selector assembly 13 includes first and second sets of engagement bars 27,29 and an 
actuator assembly 26 in the form at least one electromagnetic field generator 33 including a 
coil 34 electrically connected to at least one circuit 

The first and second sets of oigagemait bars 27,29 are mounted on flie output shaft 1 between 
the first and second gear wheels 3,5. The first set of engagement bars 27 comprises three bars 
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28 that are evenly distributed about tiie ou^ut shaft 1 such &at flieir bases face inwards, and 
the axes of the bars 28 are substantially parallel. The second set of engagement bars 29 
comprises three bars 30 which are shnilarly arranged about flie output shaft 1 . 

The first and second engagement bar sets 27,29 are mounted on a sleeve 2 which is mounted 
on the output shaft 1 between the first and second gear wheels 3,5 (see Figure 2). The sets of 
engagement bars 27,29 are arranged to rotate with the output shaft 1 but are able to slide 
axially along the sleeve 2 and the output shaft I in response to a switching action of the 
actuator assembly 26. To facilitate this, the sleeve 2 includes six keyways 41 formed in its 
curved surface with each engagement bar 28,30 having a complementary formation in- its 
base. The keyways 41 liave substantially T-shaped profiles such that the bars are radially and 
tangentially (but not axially) restrained within the keyways 41. Alternatively, the keywaj's 41 
can have slotted or dovetailed profiles to radially restrain the bars. 

The arrangement of the bar sets 27,29 is such that bars of a particular set are locate^l in 
alternate keyways 41 and the bar sets 27,29 can shde along the sleeve 2. Each bar set 27,29 
moves as a unit and each bar set can move independently of the other. 

Optionally, the bai-s 28 in the first bar set maybe joined togethei- by a first connector ring|I50 
and the bars 30 in the second bar set may be joined together by a second connector ring'^52, 
for example using inwardly extending arms that engage with recesses formed in the upper 
surfaces of the engagement bars (see Figure 7). Although the rings are shown on the diagram 
of the third embodiment, they may be used in conjunction with each embodiment Each bar 
set 27,29 moves as a unit and each bar set can move independently of the other. When there is 
relative movement between the first and second sets of bars 27,29, the second connector ring 
152 slides over the first set of bars 27 and ■flie first connector ring 150 slides over the second 
set of bars 29. 

Preferably the bars are configured to be close to the output shaft 1 to prevent significant 
cantilever effects due to large radial distances of loaded areas thus reducing the potential for 
structural failure. 
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Each bar 28 in the first bar set 27 has a first end 28a airanged to engage the jBrst group of 
dogs 19 attadied to the first gear wheel 3 and a second ead 28b arranged to engage the second 
group of dogs 21 on the second gear wheel 5 (see Figure 4). The first and second ends 
28a,28b typically have the same configuration but are opposite handed, such that the first ead 
28a is arranged to engage the first group of dogs 19 during decseleration of the first gear wheel 
3 and fihe second end 28b is airanged to aigage the second group of dogs 21 during 
acceleration of the second gear wheel 5, for example during engine braking in automotive 
applications. Each bar 30 in the second bar set 29 is similarly arranged, except that the first 
end 30a is arranged to engage the first group of dogs 19 during acceleration of the first gear 
wheel 3 and the second end 30b is arranged to engage the second group of dogs 21 during 
deceleration of the second gear wheel 5. 

When both the first and second sets of engagement bars 27,29 engage a gear wheel drive is 
transmitted firom the input shaft 7 to the output shaft 1 whether the gear is accelerating or 
decelerating. 

The first and second ends 28a,30a,28b,30b of the bar each include an engagement face 43 for 
engaging tlie dogs 19,21 (not shown), a ramp 45, an end face 42 and a shoulder 44 (see Figure 
4). The end faces 42 limit tlie axial movement of the engagement bars 28,30 by abutting the 
sides of the gear wheels. The engagement faces 43 are angled to complement to the sides of 
the dogs I9a,21a so that as the engagement bars 28,30 rotate into engagement therewith there 
is face-to-face contact to reduce wear. Each ramp 45 is helically formed and slopes away fi-om 
the end face 42. The angle of inclination of the ramp 45 is such that the longitudinal distance 
between the edge of the ramp furthest fi^om the end face 42 and the plane of the ead face 42 is 
larger than the height of the dogs 19,21. This ensures that the transmission does not lock up 
vthea there is relative rotational movemait between the engagement bars 28,30 and the dogs 
19,21 that causes the ramp 45 to move towai-ds engagement with the dogs 28,30. The dogs 
19,21 do not crash into the sides of the engagement bars 28,30 but rather engage the ramps 
45. As further relative rotational movement between the dogs 19,21 and the engagement bars 
28,30 occurs, the dogs 19,21 slide across the ramps 45 and the hehcal surfaces of the ramps 
cause the engagement bars 28,30 to move axially along the output shaft 1 away fi-om the dogs 
19,21 so that the transmission does not lockup. 
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Whfrn the bars of the first and second sets 27,29 are interleaved, as in Figure 2, the 
engagement feces 43 of the first ends 28a of the first set of bars 27 are adjacent the 
engagement faces 43 of the first end 30a of ttie second set of bars 29. When the first and 
second sets of bars 27,29 are fiilly engaged with a gear a dog is located between each pair of 
adjacent engagement faces 43. The dimensions of the dogs 19,21 and the ends of the bare are 
preferably- such that there is little movein«it of each dog between the engagement face 43 of 
the acceleration bar and the engagement face 43 of the deceleration bar when die gear moves 
fi-om acceleration to deceleration, or vice versa, to ensure that there is little or no backlash in 
the gear. 

The electromagnetic field geoerator .33 comprises two coils 34 of copper wire that are 
mounted in annular supports 34a that extraid around the shaft 1 without contacting it and 
• thCTefbre do not rotate with the output shaft l. Each coil 34 comprises a multiplicity of turns 
of copper wire. This is shown diagrammaticaJly -in Figures 1 and 2 where the number of turns 
illusti-ated in not intended to represent an exact number of wires. The number of turns in the 
wire will be dependent upon the application and the strength of the magnetic field required. 
The annular supports 34a are attached to the transmission housing and are shown with a cut- 
away section for clarity in Figure 2. Each coil 34 is electrically connected to a circuit, which 
includes a capacitor, timer and a switch. The circuits are connected to a common power 
source such as a cell, and preferably to the cell or cells used to power other vehicle electrical 
systems. The circuits are arranged such that current flow through the coils 34 is reversible. 

Each engagement bar 28,30 includes two permanent magnets 31 (see Figure 4), such as 
natural magnets, located centrally on its upper. (outa: surface). Prefarably tiie north poles of 
die niagnets 3 1 point towards one end of the engagement bar 28,30 and the south poles point 
towards the other aid, and the bars 28,30 are located in the keyways 41 such that the noith 
poles of eadi magnet 31 point towards one of the gear wheels and the south poles point to the 
other gear wheel. However other arrangements are possible. 

."When one of the circuits is activated one of flie coils 34 is energised thffl-eby generating at 
least one controllable magnetic field that interacts with tiie magnetic fields of the permanent 
magnets 31 to either urge die eaigaganoit bars 28,30 in one or the othei- axial directions, 
thereby controlling movement of the bars within the ke3ways 41. The circuits are arranged 
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such that current can flow in either direction through the coils 34. The engagHnent bars 28,30 
are thus biased to move within the keyways 41 towards one of the gear wheels. The direction 
of mov^ent is detmnined by fte direction of the magnetic fields generated, which is 
detramined by tha direction of current flowing through the coil 34 and the orientations of the 
5 permanent magnets 31 . The magnitude of the force acting on the engagement bars 28,30 is 
detamined by the strengfli of the magnetic field graierated by fiie coil 34 whidi can be 
controlled by controlling the amount of current flowing througji the coil 34. When the other 
circuit is activated the other coil 34 is energised and likewise controls movemait of the 
engagement bars 28,30. 

1 0 The circuits can be arranged to energise, tbe coils 34 in response to a gear change such that 
they remain energised until both bar sets have moved into engagement with a gear wheel. 
AltOTiatively, one of the coils 34 can be energiseda first time to move one of the bar sets into 
. engagement with the gear wheel and a second .time to move the other bar set into engagement 
with the gear wheel, wherdn-the coils 34 are not energised in the intervening period. The 
15 coils,34 may also be energised such fhat one of the coils 34 moves the engagement bars 28,30 
into and out of engagement with one of the gear wheels 3,5 and the other coil 34 moves the 
engagement bars 28,30 into and out of engagement with another gear wheel. In this case, it is 
not necessary to reverse the current in the' coils 34 since each coil 34 will move the 
engagement bars 28,30 in a single direction and therefore a simplified control circuit can be 
20 used such as that shown in Figure 4a which includes a cell 35a, a switch 35b, a coil 34 and a 
capacitor 35c. Alternatively, both coils 34 can be energised simultaneoxisly or sequentially to 
move tiie bars 28,30 in the keyways 41. When either coil 34 is energised the magnetic field 
, produced interacts wifli flie magnetic fields Knitted by flie permanent magnets 3 1 located on 
the bar sets 27,29. However, the bar sets will only be able to move within the keyways 41 if 
25 they are in an unloaded condition. If a bai- set is in a loaded condition, it will be urged to move 
along the keyways 41 but will be unable to move because it is drivingly engaged with a gear 
wheel. 

: Detents 32 are located in recesses 36 in the inner side of each engagement bar (see Figures 
5a-d). Each detent 36 inchides a steel ball 38 and a spring 40. Ihe spring 40 acts upon tiie ball 
30 38 to bias it against the keyway 41 . Each keyway 41 includes &ree depressions 42a-c formed 
. in its upper surface that are arranged to engage with the ball 38 to locate and hold the 
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engagement bars 28,30 in particular predetermined positions within the keyways 41. One of 
the depressions 42b is located centrally along the keyway 41 and the othar two are located 
either side of the central depression 42b substantially axially aligned therewith. When the 
detents 36 engage with the central depressions 42b the engagement bars 28,30 are held in 
5 neutral positions, i.e. axe not engaged with either of the first or second gear wheels 3,5. To 
move the engagement bai-s 28,30 into the neutral positions one of the coils 34 can be 
energised to move the bars towards the neutral positions and the other coil 34 can be 
caiergised to arrest the movemait of the bars and allow the detents 36 to ftilly engage and hold 
tlie engagemKit bars 28,30. To move ttie engagemeait bars 28,30 out of their neutial positions, 
1 0 at least one of Ihe coils 34 is energised to produce sufficient force to overcome the firictional 
resistance between the detent 36 and the depression 42b. Altematively, after the coil 34 has 
been energised to move the engagement bars 28,30 towards the neutral position, the cuireat in 
the coil can be reversed to halt movemetit of the bare. • 

The other depressions 42a,42c are similarly arranged to hold the engagements bars 28,30 in 
15 axial positions along the keyways 41 where they fully engage with the first and second gear 
wheels 3,5 respectively. This is illustrated diagraininatically in Figures 5a-d. The main 
purpose of the detents 36 is to obviate the need to continuously energise the coil 34 to hold 
the engagement bars 28,30 in contact with the gear wheels 3,5, or in tlae neutral position. Tlie 
coils 34 are energised to move the engagement bai-s 28,30 within the keyways 41 and the 
20 detents 36 provide sufficient resistance to prevent the bars 28,30 from moving away from 
those positions when engaged with the depressions 42a-c. This leads to a more efficient 
actuator system. 

Each depression 42a-c includes sloping sides. The sloping sides interact with Ibe balls 38 and 
the resiliency of the springs 36 to move the engagement bars 28,30 into the correct positions. 
25 As the engagement bars 28,30 move towards the coirect positions within the keyways 41 
under the action of the magnetic field, flie interaction between the detents 36 and flie sloping 
sides of the depressions 42a-cpull the engagement bars 28,30 into the correct location. 

In use, three of the bars are loaded and three are not loaded when both bar sets are fiiUy 
engaged with a gear wheel. Whai a gear change is made,- at least one of the coils 34 is 
30 energised to produce a magnetic field tliat biases the engagement bars 28,30 towards the 
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unengaged gear wheel. The force acting upon the engagemrait bars 28,30 moves the three 
unloaded bars out of engagefflwit with the raigaged gear wheel, leaving fibe three loaded bars 
still in engagement The unloaded bars move along the keyways 41 due to fee interaction of 
the naagnetic field of flie permanent magnets 3 1 and the magnet field generated by the coils 34 
until they engage the new gear wheel and the detent engages the depressions that are 
associated with the new gear wheel. When the unloaded bars have engaged with the new gear 
wheel, the remaining three bars disengage from the original gear wheel. At least one of the 
coils 34 is energised by the circuit and the remaining bars move within the keyways 41 
towards the new gear wheel due to the interaction of magnetic fields until they -raigage the 
new gear wheel and the detents 36 engage the appropriate depressions. 

This configuration provides a highly compact arrangement. 

The operation of the selector assembly 13 will now be described with reference to Figures 6 a- 
6f which for clarity illustrate diagrammatically the movement of the first and second bar sets 

27.29 by the relative positions of only one bar from each set. 

Figure 6a shows the first and second bar sets 27,29 in a neutral position, that is, neither bar set 
is engaged with a gear wheel. Figure 6b shows the first and second bar sets moving into 
Kigagement with the first gear wheel 3 under the action of the magnetic field generated by the 
coil 34 (not shown m Figure 6b). 

Figure 6c shows a condition when the first gear wheel 3 is fully engaged, that is, the bars 

28.30 are interleaved with the first group of dogs 19. The detents 36 are engaged with 
depressions 42a (not shown) so that the first and second bar sets 27,29 are held in engagement 
with the first gear wheel 3. Accordingly, power is transferred to the output shaft 7 from the 
first gear wheel 3 by the first bar set 27 when decelerating and the second bar set 29 when 
accelerating via the first group of dogs 19. Power is transmitted from the input shaft 7 via the 
thfrd gear wheel 9. 

Whilst accel^ating (first gear wheel 3 rotating in flie direction of arrow B in Figure 6c) using 
fee first gear wheel pair 1 5, fee engagemwit faces 43 of fee bars of fee first bar set 27 are not 
loaded, whilst fee engagMneait feces 43 of fee bars of fee second bar set 29 are loaded, Whai. 
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a user, or an engine managOTxent system (not shown) wishes to engage the second gear wheel 
pair 17, the circuit is activated thereby energising at least one of the coils 34 and generating a 
magnetic field that causes the bars of the first bar set 27 to slide axially along the keyways 4] 
in the sleeve 2 thereby disengaging the bars fi-om the first gear wheel 3 and the detents 36 
fi-om the depressions 42a (see Figure 6d - depressions not shown). 

The magnetic field geaearated biases the bars of the second bar set 29 to move towards the 
second gear wheel 5. However, because the bars 30 of the second bar set 29 are loaded, i.e. 
are driven by the first gear wheel 3, they cannot disKigage fcom flie first gear wheel 3, and 
therefore the bars of the second bar set 29 remain stationary. At this stage the circuit either 
continuously energises at least one of the coils 34 to bias the bars 30 of the second bar set 29 
towards the second gear wheel 5 or can be arranged to switch off the coil 34. 

When the bars of the first bar set 27 slide axially along the output shaft 1 they engage the 
dogs 21. The bars are then driven by the second gear wheel 5 in the direction of Arrow C in 
Figure 6e and energy is transmitted to the output shaft I from the input shaft 7 by way of the 
second gear wheel pair 1 7. As this occurs, the bars of the second bar set 29 cease to be loaded, 
and are free to disengage from the first group of dogs 19. If at least one of the coils 34 is • 
arranged to be continuously energised throughout the gear charge, the bars 30 of the second^ 
bar set 29 slide axially along the ke5^ays 41 as soon as Ihey become unloaded thereby 
completing disengagement of the first gear wheel 3 from the output shaft I. If both coils 34 
are deactivated after the first bar set 27 has engaged the second gear wheel 5 then the circuit 
energises at least one of the coils 34 to move the second bar set out of engagement with the 
first gear wheel 3. In dther case, the bars of the second bar set 29 slide along the keyways 41 
in the sleeve 2 until they engage the second gear wheel 5 and the detents 36 engage the 
depressions 42c, thereby completing engagement of the second gear wheel 5 with the output 
. shaft I (see Figure 6f). This method of selecting geai: wheel pairs substantially eliminates 
torque mtermption since the second gear wheel pair 17 is engaged before the first gear wheel 
pair 15 is disengaged, tiius momentarily, the first and second gear wheel pairs 15,17 are 
simultaneously engaged. 

When a gear wheel is engaged by both the first and second bar sets 27,29 it is possible to 
accelerate or decelerate using a gear wheel pair with very little backlash occurring when 
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switching between ttie two conditions. Backlash is the lost motion experieaced when the dog 
moves from the engagement face 43 of the acceleration bar to the engagemait face 43 of the 
, decelra-ation bar when movmg from acceleration to deceleration, or vice versa. A 
convacitional dog-type transmission system has approximately 30 degrees of backlash. A 
typical transmission sj^em for a car in accordance with the current invraition has backlash of 
less than four degrees. 

Backlash is reduced by minimising flie clearance reqmred between an ©ogagemeat membra- 
and a dog dining a gearshift: that is, the clearance between the dog and the following 
engagement membei- (see measurement 'A' in Figure 6b). The clearance between the dog and 
the following engagement member is in the range 0.5mm - 0.03inm and is typically less than 
0.2mm. Backlash is also a function of the retention angle, that is, the angle of the engagement 
face 43, which is the same as the angle of the undercut on the engagement fece of the dog;- 
The retention angle influences whether there is relative movement between the dog and the 
engagement face 43. The smaller Ibe retention angle, the less backlash fliat is experienced. 
The retention angle is typically between 2.5 and 1 5 degrees, and preferably is 15 degrees. 

Transition from the second gear wheel pair 17 to the first gear wheel pair 15 whilst 
• decelerating is achieved by a similar process. " 

Whilst decelerating in the second gear wheel pair 17 the engagement surfaces 43 of the bars 
of the .first bar set 27 are not loaded, whilst the engagement surfaces 43 of the bars of the 
second bar set 29 are loaded. "Whai a user, or an engine managemrait systam (not shown) 
wishes to engage the first gear wheel pair 1 5, the circuit is activated thereby energising at 
least one of the coils 34 and generating a magnetic field that causes the bars of the first bar set 
27 to slide axially along ttie keyways 41 in the sleeve 2 thei-eby disengaging the bars fi-om the 
second gear wheel 5 and the detents 36 from the depressions 42c (see Figure 6d - depressions 
not shown). 

Since the bars of the second bar set 29 are loaded, i.e. ttiey are drivingjy engaged with the 
dogs 21 on the second gear wheel, flie second bar set 29 remains stationary, however the 
magnetic field biases tiie second bar set 29 towards the first gear wheel 3. M this stage the 
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circuit either continuously sna-gises at least one of the coils 34 to bias the bars 30 of the 
second bar set 29 towards the first gear wheel 3 or can be arranged to switch off the. coils 34. 

When the bars of the first bar set 27 slide axially in the keyways 41 they engage fee dogs 19. 
The bars 28 are driven by the first gear wheel 3 such that energy is transmitted fiiom the input 
shaft 7 to the output shaft 1 by way of the first gear wheel pair 15. As flhis occurs, the bars 30 
of the second bar set 29 cease to be loaded. If at least one of the coils 34 is arranged to be 
continuously energised througjiout the gear change, the bars 30 of the second bar set 29 slide 
axialJy along the keyways 41 as soon as they become unloaded thereby completing 
disengagement of the second gear wheel 5, from the output shaft 1. If both coils 34 are 
deactivated after the first bar. set 27 has engaged flie first gear wheel 3 then the circuit 
energises at least one of the coils 34 for a second time to move the second bar set out of 
engagement with the second gear wheel 5. In either case, the bars of the second bar set 29-'> 
••slide along the keyways 41 in the sleeve 2 until they engage the first gear wheel 3 and thev 
detents 36 engage the depressions 42a, thereby completing engagement of the first gear wheel . 
3 with the output shaft 1 . 

ICick-down shifts, that is a gear shift from a higher gear to a lower gear but where acceleration-; 
takes place, for example when a vehicle is travelling up a hill and the driver selects a lower; 
gear to accelerate up the hill, may have a brief torque intenuption to allow disengagement' 
prior to the shift. 

A plurality of selector assemblies can be mounted on the output shaft with corresponding 
pairs of gear wheels to provide a larger nvimbar of gear ratios between the output shaft and the 
input shaft. It is also possible to have transmission systems wife more fean two shafts to 
provide additional gear ratios. 

Use of fee transmission system leads to improved performance, lower fuel consumption and 
lower emissions since drive interruption has substantially been eliminated. Also fee system is 
a more compact design fean conventional gearboxes leading to a reduction in gearbox weight 

It will be appreciated by fee skilled person feat various modifications can be made to the 
above embodiments feat are within fee scope of fee current invoition, for example fee coils 
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34 for generating the electromagnetic filed can be wound in various ways to provide different 
magnetic field characteristics to control the movement of the engagwnecit bars 28,30 in 
predetMmined ways. It will also be appi-edated that any practicable number of coils 34 and 
permanent magnets 31 can be used. For example, a single coil 134 can be used with a single 
permanent magnet 131 as shown in Figure 7. The coil 134 is mounted in an annular support 
member 134a that is shown in part in Figure 7 for clarity. Each magnet 131 is located 
centrally on each engagement bar 128,130 wi±h ite north pole oriented towards one end of the 
bar and its south pole oriented towards the other end of the bar. The engagement bars 128,130 
are located in keyways 141 are the bars 128 of the first bar set are connected by a first 
connector ring 150 and the' bars 1-30 of the second bar set ai-e connected by a second 
connector ring 152. The aijangement is such that the north poles point towards one of tibie 
gear wheels and the south poles to the other gear wheel. The operation of this embodiment is 
similar to the embodiment described above: 

Figure.8 shows a third einbodimrait of flie invaition having two coils 234 and a single magnet 
231 located on the upper surface of each engagement bar 228,230 towards one end. In this 
onbodiment the permanent magnets 231 located on the bars of one of the bar sets are 
positioned adjacent one of the gear wheels and the permanent magnets 231 located on the 
bars of the other bar set are located adjacent th'e other gear wheel. With this airangement,.-one 
of the coils 234 will primarily interact with one of the bar sets and the other coil 234 will 
primarily interact with the other bar set. This eaisures tbat each coil 234 controls the 
movement of one bar set. Preferably the magnets 231 for a particular bar set are arranged 
such that their poles are similarly directed, for example the magnets 231 of one bar set can be 
an-anged with tlieir north poles directed towards the adjacent gear wheel and the magnets 231 
of the other bar set with tlieir south poles directed towards their adjacent gear wheel. The 
control circuit is arranged such that the current in the coUs 34 is reversible so that each coil 
234 can move its associated bar set in both axial directions along keyways 241 thereby 
moving them into and out of engagement with the first and second gear wheels. To move a 
bar set into a neutral position its associated coil 234 can be energised to move the bars 
towards the neutral position, flie current can then be reversed in. the coil 234 to arrest 
movemrait of the bar set in the neutral position. 
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It wiU be appreciated that the permanent magnets can be located in different positions on tiie 
engagKnent bars 28,30 and the polarities of the magnets can be oriented qjpropriately to 
achieve the desired movement of the bars 28,30 along the output shaft 1 when flie coil(s) 34 
are raiergised 

Hie coils 34 and drcjuit can be arranged sitdlar to known sol«ioid type systems, for example 
those disclosed in US 6,667,677, US 6,498,416, US 6,489,870, US 6,366,189. 

Alternatively, or additionally, the engagement bars 28,30 can be permanent magnets. 

It will also be appreciated by the skilled person that the detents 36 can be arranged such that 
the balls 38 and springs 40 can be located in the keyways 41 and the depressions 42a-c can be 
located in the inner side of the aigagement members. 

The number of dogs on each of the gear wheels is not limited to three, for example any 
practicable number of dogs can be used. It has been found that two to eight dogs are suitable 
for most apphcations. Similarly, the number of bars in a bar set can be any practicable 
number but most preferably the number of bars in a set equals the number of dogs in a group. 

The transmission system can be used in any vehicle for example, road cars, racing cars, 
lorries, motorcycles, bicycles, earth removal vehicles such as bulldozers, cranes, military 
vehicles, aircraft such as aeroplanes and helicopters, wat^crafts such as boats, ships and 
hovercraft and other and manufectuiing madiinery such as lathes and milling machines and 
assembly equipment. 

The transmission system can be adapted such that the selector assembly and the first and 
second gear wheels are mounted on the input shaft and the fixed gear wheels are mounted on 

the output shaft. 

The electi-omagnetic co-upling device described above can be used with conventional dog 
transmission systems. At least one coil, and preferably two coils, of copper wire is mounted 
about a dog. The coil is electrically connected to a ckcuit that is arranged to selectively 
ena-gise the. or each coil to generate a controllable electiOTiagnetit field. At least one 
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permanent magnet is Jocated on the dog ring the arrangement being such that when the or 
each coil is energised the magnetic field(s) generated interacts with the magnetic field(s) 
emitted by the permanent magnet(s) causing the dog ring to selectively mo-ve into and out of 
engagement with the gear wheels, thereby transmitting power betweoi the gear wheels and a 
shaft. 

The coupling airangement described can be used in applications other than vehicle 
transmission systems. The coupling device can be used in any suitable machines having first 
and second rotatable bodies that need to be coupled together to transmit drive between them. 
For .example, it may be used in any machine that has coupling formations to connect first and 
second rotatable bodies together such as for transferring drive between a shaft and a pulley 
wheel, a shaft and a roller, a shaft and a machine chuck,- a shaft connected to any rotatable 
load, between two similar components such as two shafts, a shaft and a gear wheel, a dnv&> 
member to a device such as a pump, and a drive member to a cam shaft or cam. In particularif': 
but not exclusively, the invention can be used in any dog type drive sj^tem, for example" 
where two rotatable components are connected by dog t5^e formations associated with each 
rotatable component, such as two shafts each having dogs formed in their end faces or having: 
coupling components mounted on the shafts, wheirein at least one of the shafts is moveable'^ 
towards the other shaft such that the coupling formations can engage. Alternatively, the^- 
coupling foimations may be separate components that can selectively move into and out of 
Kigagement with one or both of the rotatable bodies. In either case, the elecb-omagnetic 
actuator system can be used to move the components into driving engagement, thereby 
coupling fhem together. 
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Claims 

1 . A coupling device including first and second rotatable bocfies, a plurality of coupling 
members for selectively conpling the &st and second rotatable bodies togetha: to transfer 
drive between the rotatable bodies, and electro-magnetic actuator means for controlling 
engag«naat of the coupling members. 

2. A coupling device according to daim 1 , wherein the electro-magnetic actuator means 
includes at least one magnetic field generator for producing a controllable magnetic field and 
at least one magnetic element. 

3. A coupling device according to claim 2, wherein the electro-magnetic actuator means 
includes .a plurality of magnetic field generators for producing a plurality of contro|yS&ble 
magnetic fields. 

4. A coiq)ling device according to claim 2 or 3, wherein the electro-magnetic acti£ator 
means includes a plurality magnetic elements. 

5. A coupling device according to any one of claims 2 to 4, wheardn the electixj-magfetic 
actuator means includes an electrical control circuit having at least one capacitor airangad to . 
energise the or each magnetic field generator. 

6. A transmission system according to any one of the preceding claims, whesrdn the electro- 
magnetic actuator means is arranged to move at least one of the coupling members axially 
into engagement with at least one other coupling member. 

7. A coupling device according to any one of the preceding claims, wherein the coupliog 
members include at least one drive formation associated with each of the rotatable bodies. 

8. A coupling device according to claim 5, wherein the coupling members include a 
plurality of engagement members wherein the electro-magnetic actuator means is arranged to 
control Ibe movement of the engagement manbers to selectively engage at least one drive 
formation assodated with each rotatable body to couple the rotatable bodies together. 
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9. A coupling device according to claims 1 to 4, wherein tiie coupling members include 
at least one drive foimation associated with one of the rotatable bodies and at least one 
engagement member associated with the other rotatable body wherein tiie electro-magnetic 
actuator means, is airanged to control the movement of the or each eng^ement member to 
selectively engage the or each drive formation to couple the rotatable bodies together. 

.10. A coupling device according to claim 9, wherein one of the rotatable bodies is a shaft 
and the or eadb engagement monber is mounted on the shaft for rotation lierewith. 

11. A coupling device according to. any one of claims 8 to 10, wherein the coupling 
manbers include first and second sets of engagement members Hiat are moveable into and out 
of eaigageraent with at least one of the rotatable bodies independently of each.other. 

12. A coupling device according to claim 11, wherein the electro-magnetic actuator 
means includes first and second magnetic field generators, wherein each magnetic field 
generator is arranged to control movement of one of the sets of engagement members. 

13. A coupling device according to any one of claims 8 to 12, including means for 
maintaining the or each engagement member in at least one predetermined position. 

14. A coupling device according to claim 13, wherein the means for maintaining the or 
each engagement member in at least one predetermmed position is arranged to maintain the 
or each engagement member in at least one of a neutral position, in engagement with the first 
rotatable body, or in engagement with the second rotatable body. 

15. A transmission system including first and second drive shafts, first and second gear 
sets mounted on the shafts for transferring drive between the shafts, each gear set including a 
first gear wheel mounted on the first shaft for rotation relative to the first shaft said first gear 
wheel having a plm-aUty of drive formations, and a second geai- mounted on the second shaft 
for rotation with the second shaft, selector means for selectively transferring drive between 
the first shaft and either the first or second gear set including a pluralitj' of engagement 
members for engaging the drive fonnations, and electro-magnetic actuator means for 
controlling engagement of the engagement members and the drive fonnations. 
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16. A transmission system according to claim 14, wherein the electro-magnetic actuator 
means includes at least one magnetic field generator for producing a controllable magnetic 
field and at least one magnetic elemsiL 

17. A transmission system according to claim 15, whearein the electro-magnetic actuator 
means includes a plurality of magnetic field generators for producing a plurality of 
controllable magnetic fields. . 

18. A transmission system according to clann 15 or 16, whwein the electro-magnetic 
actuator means includes a plurality of magnetic elements. 

19. A transmission system according to any one of claims 14 to 17, wherdn the electro- 
magnetic actuator means includes an electrical control circuit having at least one capacitor 
an-anged to energise the or each magnetic fidd generator. 

20. A transmission system according to any one of claims 14 to 1 8, wherein the eledfro- 
magnetic actuator means is arranged to move at least one of tiie coupling members axially 
into engagement with at least one otihw coupling member. 

21. A transmission system according to any one of claims 14 to 19, including means ^for 
maintaining the or eadi engagement member in at least one predetermined position. 

22. A transmission system according to claim 20, wherein flie means for maintaining the 
or each engagement member in at least one predetermined position is arranged to maintain 
the or each engagement member in at least one of a neutral position or in engagement with at 
least one of the first gear wheels. 

23. A transmission system according to any one of claims 15 to 21, wherein the selector 
means includes first and second sets of engagement members that are moveable into and out 
of engagement with the first gear wheels independently of each other, said selector means 
being arranged, such fliat when a driving force is ti-ansmitted, one of the first and second sets 
of engagement members drivingly engages the engaged gear wheel, and the other set of 
engaganentmanbers is then in an unloaded condition. 
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24. A transmission system according to claim 23, wherein the electro-magnetic actuator 
means includes first and second magnetic field generators, wherein each magnetic field 
generator is an-anged to control movement of one of the sets of engagement members. 

25. A transmission system according to claim 23 or 24, wherein the electro-magnetic 
actuator means is arranged to move flie unloaded set of engagsnent members into driving 
engagement with the unengaged gear wheel to effect a gear change. 

26. A transmission syst«n according to claim 22 to 25, whei-ein the selector means is 
arranged such that when a braking force is transmitted the first set of engagement members 
drivingly engages the engaged gear wheel, and the second set of engagement members is in 
an unloaded condition, and when a driving force is transmitted the second set of engagement- 
members drivingly engages the «igaged gear wheel, and the second set of engagement 
members is then in an unloaded condition. 

27. A transmission Systran accoi-ding to any one of claims 22 to 24, wherein the electro- 
magnetic actuator means is arranged to bias the loaded set of engagement members towards 
flie unengaged gear wheel without disaigaging the loaded set of engagement members %om 
the engaged gear wheel. 

28. A transmission system according to any one of claims 22 to 25, wherein the first and 
second sets of engagement members are arranged to rotate, in use, with the first shaft 
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